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SAA Thermogniiliie Naiigiitioii 

SAAA Thermography of the Haman Body 

The hiimftQ bcxi^ preCTfs a coD^dcK and tem^^ 

Xftdial (onpeiaturB gndieots. Hie differing heat pnxlucti«3sicf iiiffividaal oigans» geometric inegtilsritiesp chaoc^^ in inmlatkm ami 
^aporotioii, coavectsve hest trmsport via the blood» and Ifac diumal atdo(faer periodic yariadom^^ ttUl further oomplexities to the 
ihttnalmap.^ 

Ihe hameothemiic core of tiiebcxfy is distiDgiushablefiQm tte shdOl^ whi^ most readOy lespoods tamwoomeate] fhcmadoofiL Tbe coie 
generaUy coAsist^ of the iDlErior of the Ihox^ 

tenperatme. the Adl HOtmaBy Ogmprisrs the OUtennost ^>%-35% of flie htrnim hc^.^^»^ Hmpever^ Airing etfrnma rfiilKng^ tKf> qh^n 
toiy fcnlflgge t5i > ^50% of total body vofame, c^atart lo a mean hyer thiclmess of 2,5 cm. FigurcR^ dKwre tfie o vmU djtfribgtioa 
of tissue tempciatares 85 a floifiB of iaoflienns. 



Sldn temperatuiies displ«7 Ihe greatest thefm^^ 

hours in a cold luom (5°C 50% niative humidity. 0.1-0,2 m/aecwind ^)e^ e^qxaicatoeddD te^^ iq> to 15^ 13<*C 

to 2ft^), with tiie bwest tenqteralwea m fin^ 
heat loss is '*<'I0% loviw foriemaks due to ttttir tidti^ 
^foriiiales.^Aiter3hetti:ainah<i tromi(50°C),d^ 

average coxi/suiface gradicDt of '^rC.^^^^^^^^^^^a^^TT^^^^^^^^^^^^^^^^^^ 
SUn theEmograpby cf <fae faumauhead was fi« 

tenyerafaitea w wH-studied.^^^^^ Skin tc n ip e i a t m e paaontts in aeopates reflect near tmifann heat conductiott tfarou^ the timiea^-Z la 
diildbaod^ qwcific pailenis dev^ m^ 

and exhibit a cootimial st^of small ihydimie cbrng^ ThefiecHanges - probably a tcsolt of active vasodilation due to sympathetic 

iiRienraiiDa ova^ most of the human ddn arca^ - am bbaerved over 
other, nor even of the same anii*tude,5l^S-33 

medical diagnostic tsiAgmg.^^^-^ Subcnitaneo^ 



Human ooie (rectal) tfimpq[«tro averag ^^^Q°^ CrsWe.?.!!). The 

icn^joataes of iaao-oigms vary by 0 

Tempetature gnidicnis tvithin the bfain amount to 1 ,4''C; the cott^ is oooler than the basal regions, vfiA inooqning blood cooler Hum the 
ccntr^bram tissue.^ Brain tsQ^teFatuttt also arousal^ Cddiiig or 

warrning die aldn of the head onses tnmpentuo& ch^^ 
Uood^ CM tempoalutc can haive wide wiatioi^ 

littpyAifn)iw.iianc»ned^ 9A0/2005 
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Abstract 

Hus pqper discloses tfae rocent developmonty of 

Hiepafonnaooe of tbe kteitP lype BfiiB/> N4ypc Si/SiOe 
coi^ewiUbepreaealBdffii^ieUBsdstoliDrtfacQewK- 
tlttt win i»plM Si/SiGe vol jb^BOW 

qoaotum wen modnte WiQ be picsBiled Ibr pcnsi^rpredictiQa. 
TheseidodiilBsem be usod Infitore 
welt 49 otr ooi4hlooifi^ ^stedt designs. 

Our cweot effort* to pvpdm f**-™ fibos mofe 
Ripidly will be disessaed. 

latniifaictioa 

l&Z Tcdmcdogy, te. 06k^ is cimai^ dei«^^ 
different thfinnfldeclnc gciMfiitiH dtewgflg'flatMC used to odnrart 
wM^beBtorbbtsoinoeftdiiecllf to^eetrie^ IlKSemddde 
waste heatiecovoy fiomdic^lniEisvsweU as aot^^ 
ttvenooelectrio ixiwer geaetator 

Binmitti teflmride based ^"♦"^^ are |m : jwmly used for 
power gBooraticm laienote locjdkafl^ Ibr en»^ 
probes 01 diiectcodiV€f&ioiiiii|j|LiuiBL TJaqp? BidznctcuuvGiaion. 
is crraiitinnHl iqxm impxavemesA in IIib effidcsicy of eosrgy 
oonvetsiOQ fiom beal into dtoc^iidly. The dSa^Eocy of 
f bcnnnflifxitfceaeigyooaiffM^^ hy 

tfigpw rfwmanr** of Aft fmlBrial^ w|bI^ 28 winw-Wy BBBaSUnd 

in fraiDsaf a Ffgm </'ilMrZ(fleetM(«lioi4L 

Imeaiiqg ^ iSgoie of flOttrh of flieixi^^ 
difficult and bosio pvoperiies of Ibe matciiab. Hk faieolEdBov^^ 
^ptoaehtD TTMawrnill£ Z ia to farm caniHpflfti^oft ftlJIy mn ^i tgd 
maJbenals, mainty by QW nnnfinwiimt of cankn in fba active 
l^ers in & molt^yer film by ad^acciA basier layers. The ocro 
coxkc^ is to aldose eai^ ckAicaDy active layer by a 

Ganiora. Ilie major in^proveoNA inZ is esqpeolsd to 

an iflcicased Seeheck cwrfHcmit flwl t^^oAn ^ imrmwg ifl 

catriei moHli^ due to i|ttdtfiuiL oonfiiKment, so ideally tee 
wmild be bapmasxai tk Z fiom f die Aft«rtw!Mw»^ 
oondueizvily. and tonal eoDdaa&nHy. QW effects become 
si'EnificaTrf wfaen Ae ttiieiknKB of the active Isy er is naall, 
below about 200A, The cfEbcdraiess efQ^ 
effect on tbe figure of merii depeeds ofi nuu^ £ftctofs such as ^ 
canifir coocttxtrstioD, which 19 tmqieiature dcpaadmL 

fttmi ttte pmndHty ?f ftemPftlplff jdyn^-trirp ftn ^ fhanttwl 

conducttvtty [1], At lowvaliiesoft!ttl&vki»asof individittl 
layers, Qkec may be t m crf b te nce witfi tbc|AopBgaliflQnf pfaomtt 
uiode^ anddnefoce a xedttstiott ia a^. The dwocy of 
and its ^phcatioa to both h^fdaiB and thnra^b-plana tt^fmnl 
conducihdiyvaligs^isnBwaaidye^qflfiili aiiaiUapdiMy 



evolve mto a field of 
hidlifh'r' M^-' **** ' 



Raetmt AdYanccs 

HirZ cnaeody uaecoavctilkttdB^TQ^ alloyB t 
mnd i i ie a The matedsltnta^niodides has avahie of ZT [figure 
"yf nwrit (Z) Ihne^ itg mean abwoilitte iipwatioii tyiPi*"'***?^ QT^^^ 
about 1. As ahown in Figure U ^ value of ZT has bovood 
afoufid I aeice Uib Dxid-1950s when asni-condiiclDr materials 
were hdiptnced into tonincaectricoogveraian, Icttslate I^^Ois 
new maieriah, incliiriing <nmultmi well mateHalSi^ stetcd to 
hnease Ae vflhie of zr to a Old 4 wiOi aoine FRXDiiae that even 
father VRh»s can lie ditainBd as developoiBid cootani^ 




»t0 



The fi£|Ufe of merit ^) fcr a fiiennoelectnc 
ohenned £rom its electric and temal prepeiti^ 

Z- a*/p*x 



whoe B iste SecteckcDofficieidof the malerial, v/IC p IS 

Bfifom to hniaiive the vahiB of Z Ibr a bidk material ofien fttls 
becanse as one incfeases a, Oe vahn ef p and/tnr K usoaliy also 
incre&ae so that (he tcsdting vafaic of Z efthertctnaizB ds same 
or decreases, hi 1992 Hides and DuesanDliwaB [1| of MFT 
suggeatod flat qnaotm wdls should be a gtxid nindidnte for 
Aennoefeetijc enecgy ocBiVttsioa. This was confiimed m 1998 
vhsBk Ghamaty and Eisner of Hi^ [5] measmed die 
thfimtortoctricia^tycrtieaefSi^ 

by both UCLA and the Navy for pqipoaes other than 
thennodectric energy ooc v e tsA ott Sznce ifaen several 
inve^igtos around fee oourtiy have ooafitmed tfg impnwxl 
~ » propettinB of quaehan weD fihns. 
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Quantum well fihna hove beca made by several mctfiDds. 
TbeHavyfilmttiTiPiatOTPdtylfr^ 

cpttaxyQdfflBX Coon^ylfi^ttiiiddi^imfibaatiyiiia^itf^ 
spnttsnpg. SeBgraloflbcriBefliodgrffiliiifitbQCflfMft 
While magwtfon ^H«tai»gdo«iKitTtsiitm<iQaoaim wdl films 
iwidi t hmiKwl n rtT ic propextiss qmte as good M filoLS nude by 
KiBEy they csn be tnadft aukh tuora qoidelf aodl teicfivs bm 
pntentiBl for much lower coft 

■ Si/SiGe:MuItflaycrQimtnn Well film iben^ 

QuontomWcll films 

• Si/SiCQuaiiliimWcUdevc!o|iii^ 
fbr power (M^ier usiuijeMUiie) appBcttfcins 



50 



Si fOOA thick 



Si lOOAtiiidc 



\ / 
\ / 

I' V 



B^)OOA thick 



ByCtOOiifaick 



A qitftnhun wieJl film ia fiwfnal hy aHimgttt^ tfww (-.HVtA) 

k^czs of twD mabaxiab wift di£fedi« de^^ 
SittodSiGea8sbDi«iiiaFiiSiM«2. When daoecocrecdy*^ three 
of tfie tbennoelectiic psoperties kapRyvft, ie^ b fnofosw/t aud p 
eodKdeciem. lliis results me iiiodiimi«iiv«dZindtiifl^ 
m improved OQgVBf&ioo efficioiGy (V|) becansB f|« 
ddioed by dv eqiatkni: 



Af-1 



rpHiftgiwealvy: 



whcro Tc BDd Tg ne le^eclxvety On cold and faol jmctioiL 
absolute tct^pentima. €3kie wiU nole Aot the fiiat tenn of die 
efficiency eqpitkii ia CaoiDl ^cteoBy. 

Figue 3 13 a graph of oometaaa effideaqr at a fia^^ 
ZTforvniousvakiesofTBaodaifldiieofTceq^ One 
can m ttpit £Qr even modest valiM of Tb, 9udi « ^0^» aod a 
value of ZT = 4y <^ can exceed a convaaon e£5ckacy of 20%. 

A quaoizim well 61m m a ttmnoelecdie is 
nisde by m^icit^jziai^ periods (tfalte^ TlHse 
Uy ecs are typical^ fbnned OR a a^kstMC nidi aa aUksogi^ 
can lemam as pait of fiiB fOm. If flic substiule dooa lanan^ it 
boDomesaparatfelossialte lya&BBiu llnsproblemiadi 




lOQD 



Vif^m 5: Cdcnlatpd Couple EfiOcioiey Vensm Side 
Tg ttp e ta tM tt^ for B^OB^C P-1^ With a SS/SaOc or Si/SiC K4qg 



The first qoaitfum eotftfc was lepGrtfed in 2002 [6} and 
ysdded 14% efiSckiK^.tWartm^ely it was decide^ 
byowntTgating. 

oocpk sfaown in Kgure 4 ooosists of B^CS^B^ for Ae P 1^ and 
Si/SiGefdrttiaNleg* Ba&fifanswBceatirtalof 11 itmUdckaiki 
wned^ositod 0045 fan ftickSxsidfitiate. Fi^iieSisBgr^ 
of the uooQceaetod modide oooveadlon effiekt^ 

ava-14%ataTnOf250%. No eomctioDa woe made for beat 
loss fliroggh fl» leadg, by radiati op, or tfaffw^bt Ihe wtotwie. 



QWCoupIo 



B4C«8CqWRini 




yigiTO4;KicpuAUMLtaidQttaitoaWettCoqyle 

Table 1 preseols dta OMf data takoa at 9 Tb of 250^ and Tc 
of7TObflthftytbe^iaBli»iweMcotylBaadaca^^ 
made ofbiilk bnrnutfwtrfhaiJe rilcy ootytetdoenoii fce same 

Aa prevkusky mentiaoed» Ibe aubstiaie used will eaib 
patBsitic keacsL Figum 6 pteaccto a gia|A of the calciibrtcd 
quigltomwttoo uv e iSk M^BciBDqrasafbactionoffih^ 
forfihnsdepoffikdcAaSpmSiBjbstiatefQraTpOf ISCTCaod 
a Tc of 50^. Ctee can see fliat the cam eppcm to becxxne 
asyoqilDtic to aboDt 25% efiScaeacy fvinfimtd^ 
dKjvmaatbe ^aphare flic data ficm the levtcoople and that we 
plan la adaeve of 0ver 20% oomwESimi efficiency at a film 
tfndcnass of --40 |im- 
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UihZ tm obQ bocadepoatiiig qamtcm wdf Sims of Si/SiC. 
Tins is a N^type quBfxIiim wi^ «iid cdnbe DSBd^ 
B-^film&rfai^bcrtei^ponliiteqipBc^^ Tiihte2 proeote 

ssmpksofvukiusiliidciiaea^ IlN8B4^wmta]Ematso<Kii 



Celt 

Cumit bulk thennoelectEic ] 
cost some^iat less tbni $l/Wa] 



Simitar qusQpiiiiii wdl i 
S0.20/Wstt in lazge va 



I aft pttidictcd to cost less fim 
! prcKtovHiL Hia cost of cooling 
E]essoQaperwattba9i& IbDmsoQ 



0 10 20 90 40 50 

FigpicfcCnlCT4atedEf6c«otyofaB^;/B;C-S^ 
a 5 |DQ SiSiteMeassFkiDdnDof FilmTI^ 

teliie pndKtad lowET of quantum 

to their higbgr clfiacocy and the fed that tticy are made frmi 
jgwcf cost «WTnirtrrialB than bnik tomoelectrics, 

K-Z*« <»ncot qoMtfxim wdl film^sodE^^ 
becansp of Ifae Size of our labcaatiKy Tnarhnir. Our axneot 
qj^iontna pcogFams >ivill bDow ub to obtain a much lai:ger 
madutMSinlbcveiyncv&iiure- In addition, v« art Tirokjogwifli 
i^cific Norifawcst Naticsnal Labaralaiea <7MNL) nnlff 
yonaariup of Dcp ai t m a ri t of Eno^ CDGC) t> invcoligiite 
piTPibctiim scale of qiantm 
also ttnnestigErtng allGmative 
qoBBtmwdl films at lij^igiates- 
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m-Z baa jeceo^ meaaited pcrwcr add efiSdoify 
douodStnlitigaQWcoi^cscinet^ Hieso 
TQ^asnmcnts were made itcccctiy cm a soall caapk dirt 
oambiBed a nnddbyBr QV of P 9ps BfiJBfi PoOt a QW of N 
^ SiASiGe. niBeoiykofken^M^^ 
m filsiooted on ft S )ttB diklL siibrtK^ 
tbidoaess. The 14% efficiency was ^y^i}^^ by dividog Hr 
pcyMroutofih9QQtiptebytfiepowriiL Tli6l4HfilficknEytii8s 
obtfliiied wilh tKj uuuei:tiflo for roy cxiiaueum beat losaea; such 
dtfifaioi^tbe Si subBliateaiidtlielieatviA^^ 
Kt op also confiniifid a kpawa ciGkxDcy of -55% fixr BiaTe, 
bulkalkys^assuriiigthe data aectteacy. Hg eH i aiinH tfaldgtepoiflt 
and the | n H(!| (, iwl values agioc ^bbcc ^iidL A o mith ri a itnii flirt flieae 
QWfiulcnfllsesdiibitaiiiiaiilsljg^v 
is tbat inodmini cffideocy im acUc^ 
restslaooe Ift QW 0019^ na^teitt of --2^ 
T-2S0'C AowBlaFlBOtt X ll» Bi>TiCb U aUoyv meeC teir 
flMaroroeffictettyataiBOTlmwyi^ 




0 2 4 6 8 10 

ZT 

flgmT^ ]ufBl£bii«ifllkiVBmZrfarll|iim11^ 
on 5^ Hb^ Si ndMlfBla 

tv^oBtucdilfeRaDCBghmsZT'sS ftrT^2S'C. FortiBsapedoni^ 
the Ktjfpe B«C/Q^ im jolfifid CD nnan Oa iivn 
WB8 fliic sanic ntfdksfial and AwisNSBas used i&ttDOMS^te itic^ 
abov^ibr^igpoiawrgcttciationy^BiB^ witortltei^ 
Oof movipg paits. 
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Qaantiiitt wcO milliwatt module wMi 676 dements 0.010 in. x QMO in x 0.07 in 
thick; eight 11 mi^n qonntum wcU films on 25 micron Kapton in each dement; 
module size is QJ9 in. z 0.29 in. x 0.070 in.; 337 conples. 



Quantum Wblt N A P-Typn 8i/SiO» 
337 ooupioB in nailiwatt module 0.070 in. thick 
with COM side at 20 C 
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Qaantam well millhratt module with 676 dments IkOlO in. x 0^10 in x 0*140 in 
thick; eiglit 11 micron qiiantvim wdO films on 25 micron Kapton in each dement; 
module $ize is 029 in. x 0.29 in. x 0.140 in.; 337 couples. 



Quantum W&D N & P-Type Si/SIGe 
337 couplos in nilSvMatt modiitB 0.14 in. thick 
¥rithcoM side at 20 c 
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Bismudi teUuride alloy millhiratt module widi 676 elements 0.010 in. x 0.010 in x 
0 J)70 in fliick; elements separated by 25 micron Kapton; module size is 0^ in. x 
0 J9 in. X 0.070 in.; 337 couples. 



N & IM-yp0 BizTft, Materials 
337 Gotiplas in milliwatt module 0.07 In. tliicic 
. wlthcoMaM*at20C 
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Butmufli teOiiride alloy milliwatt modole with 676 elements 0.010 in. x 0.010 in x 
0.140 in tUck; eiemeuto separated by 25 micron Kapton; module size is 0^9 in. x 
nj9 in. X 0.140 in.; 337 eouplts* 



N & P-Type Bi^o^ Materials 

337 couples In mllliwalt module 0,14 In. thtek 
with cold aide alloc 
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Quantum Well Milliwatt Module 02Siasqam 
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